(4) Event Causality.
The correct execution of parallel hybrid models requires that events are executed in the order of their dependencies.
Event dependency is a partial order relation, which is typically determined by (logical) timestamp values associated with events. The use of an event-list maintains a total order of events, which guarantees that events are executed in the correct order.
However, in order to satisfy some real-time constraints imposed on events, events from the event-list will be executed in some reverse order.
Consider a parallel hybrid model that consists of three concurrent components pp., lpb, and lp,, wherẽ pb and /pC are executed on the same processor, as shown in Figure 4 . Two independent events, el and ez, are scheduled by ppa.
Assume that el has a smaller timestamp than e2, while e2 has a tight deadline than el. In order to satisfy the real-time constraints, e1 and e2 are executed in reverse order.
4
HYBRID MODELS AND REAL-TIME CONSTRAINTS Ghosh, Fujimoto, and Schwan (1993) In executing hybrid models with real-time constraints, execution of events in timestamp order, although guarantees event causality, may cause realtime deadlines to be missed. Therefore, the idea is to execute events according to their real-time deadlines without violating any causality constraint. This implies that events may be processed in non-t, imestamp order to meet real-time requirements while satisfying causality constraints.
In the paper, we assume that for a set of timeconstrained events, there is enough execution resource to process them so that events are executed to satisfy both real-time and causality constraints.
The contrasting imprecise computation model (Liu et al. 199 1) , for the case when hybrid models execute on slower processors and hence real-time constraints cannot be guaranteed, may change the semantics of the hybrid models and is under further investigation.
We define the notion of feasible event set as follows.
Definition 1 An event set E is said to be feasible if there exists an execution such that all its deadlines are met without violating event causalities.
We now apply existing real-time scheduling algorithms to execute hybrid models with real-time constraints.
In the current stage of research, the following two categories of events are considered.
1.

2.
Periodic
Events.
A set E of n independent periodic events scheduled by the rate-:monotonic algorzthm (Liu and Layland 1973) is feasible if the resource utilization of the tasks is less than n(21/n -1). Given a set of independent periodic events, the rate-monotonic scheduling algorithm assigns a fixed priority to each event, where the shorter the period, the higher the pricmity.
Aperiodic
In the case that all events in-an event set E are aperiodic and independent, the earliest deadline jirst and the least laxity first scheduling algorithms (Dertouzos and Mok 1989) guarantee a feasible schedule.
Earliest deadline scheduling algorithm executes an event whose deadline is the closest, while least laxity scheduling algorithm executes an event which has the smallest laxity.
The scheduling algorithms used to execute hybrid models are preemptive and priority-driven. This means that whenever there is an event that has a higher cessed, rupted priority than the one currently being prt he executing event is immediately interand the higher priority event is started being processed.
Thus the specification of such an algorithm amounts to the specification of policy that assigns priorities to events. In the case of independent periodic events, the execution algorithm gives each event a fixed priority and assigns higher priority to events with shorter periods.
For aperiodic events, higher priorities are given to events with earliest deadline or least laxity.
CONCLUSION
In the paper, we propose to use parallel hybrid models in system design. A parallel hybrid model is a partially implemented design, where some components exist as simulation models and others as operational subsystems, which executes on a parallel architecture. Hybrid models not only supports an evolutionary design approach for complex, time-critical systems, but also facilitate rapid system prototyping by hybrid simulation. We also identify several critical issues which arise when executing hybrid models on distributed architectures. Answers to these issues will shed light on system integration, hybrid, and realtime simulation.
We also discuss the execution of hybrid models with real-time constraints.
In the paper, we assume that a feasible schedule exists for an independent event set, and apply existing real-time scheduling algorithms to execute the events to meet real-time requirements. However, the causality constraints which determine the order of event execution in a hybrid model are in general complex and data dependent.
Research is in progress to apply other real-time scheduling algorithms (Sha and Goodenough 1990) to execute hybrid models.
